Aim: To compare two types of treatment for Class II deep overbite malocclusion assessing maxillary and mandibular arches behavior in subjects submitted to full orthodontic treatment with standard edgewise appliance and those who used straight wire appliance. Methods: The sample consisted of 50 patients treated with full fixed appliances either with edgewise appliance (n=25, Group 1), or with straight wire appliance (n=25, Group 2). In both groups lateral cephalometric radiographs were compared with those done at the beginning of treatment and at its end, in order to quantify the cephalometric measures (8 linear and 6 angular) presenting the maxillary and mandibular arches behavior in the anteroposterior and vertical directions. All patients were treated without extraction or use of Class II intermaxillary elastics during the full orthodontic treatment. Results: In both groups the treatment of malocclusion contributed for mandibular forward displacement, reduction of deep overbite and overjet, reduction of mandibular plane with anti-clockwise rotation and labial projection of maxillary incisors. Conclusions: In both groups the sample showed favorable mandibular displacement, reduction of facial convexity, and profile improvement with anti-clockwise rotation. The correction of deep overbite was due to labial projection and intrusion of maxillary incisors.
Introduction
Deep overbite is a malocclusion with skeletal dental and neuromuscular implications characterized by the excessive vertical trespass of incisors 1 . Excessive overlapping of the maxillary incisors over mandibular incisors is noted when values above of 40% by vertical trespass of upper incisors are observed 2 . It can be found in Class I and Class II malocclusions, particularly in Class II division 2 malocclusion 3 , and be associated with incisors' wear, palatal lesions and damaged esthetics 4 , periodontal disease, functional deviations, inadequate mastication, occlusal trauma, teeth grinding and temporomandibular joint dysfunction 5 . Several etiologic factors have been associated with the occurrence of deep overbite [6] [7] and they may be of genetic or dentofacial development source origin 2 , involving change of maxillomandibular growth, modification of labial and lingual functions and dentoalveolar alterations 8 . Among these factors are overstated incisors eruption, excessive overjet, incisor mesiodistal width, incisor inclination, canine position, molars infraocclusion, molar cusp height, mandibular rami height and vertical facial type 6 . Deep bite has potentially harmful effects to mandibular development and may be associated to functional disturbances 9 . The treatment allows favorable mandibular growth pronounced anterior guide, interference on protrusion and lateral movements, loss of vertical dimension, facial alterations and periodontal disease. It is considered the most harmful malocclusion to dental and alveolar tissues, causing modifications of masticatory function and in temporomandibular articulation, with implications in facial esthetics.
Maxillary incisor intrusion may be adequate to individuals who exhibit maxillary vertical excess, gum smile, lack of labial seal, short upper lip, increased inferior facial height and inclined occlusal plane [10] [11] [12] . It is indicated to persons with good facial harmony, normal occlusal plane or a little inclined and with excessive Spee curve in the mandibular arch 12 . Posterior tooth extrusion is ideal for patients with hypodivergent facial pattern (short anterior facial height) redundant lips, excessive Spee curve, incisor exposition from moderate to minimal in the growth spurt phase. This procedure will provide inferior facial height increase, mandibular plane opening, facial convexity increase and reduction of inferior lip projection 4, [10] [11] [12] .
The evaluation of post-treatment results may reveal whether the treatment goals were achieved 6 . For Nanda 4 , the stability of deep bite treatment depends on specific dental correction (intrusion, extrusion or inclination), growth spurt and neuromuscular adaptation. The few studies that dealt with this subject indicate that active treatment is able to induce a moderate improvement of the overbite, but unfortunately the few studies assessing the effects of orthodontic treatment in deep bite patients either did not include untreated control subjects [13] [14] [15] [16] [17] [18] or used controls with normal overbite values 19 . Due to the scarcity of studies investigating skeletal and dental modifications caused by deep overbite treatment, two types of biomechanics with fixed appliances were searched. The objective of the present study was to compare two types of treatment for Class II deep overbite malocclusion assessing maxillary and mandibular arch behavior in individuals submitted to full orthodontic treatment with standard edgewise appliance or those who used straight wire appliance.
Material and methods
The UFPI's Ethics Committee approved the development of this study under the protocol number (CAAE 35309414800005209).
This clinical research was based on 50 Caucasian Brazilian individuals, 13 girls and 12 boys, who underwent full edgewise appliance (Group 1); and 15 girls and 10 boys that were treated using straight wire appliance (Group 2) during a 26-month period in the Post-Graduation Orthodontic Course of the Federal University of Piauí. All patients were treated in a single phase without extractions and no association of intermaxillary elastics. Each patient was evaluated two times by lateral cephalometric radiographs: at the beginning of the treatment (T 0 ) and at the end of the active orthodontic treatment (T 1 ).
All the subjects were in the pubertal growth spurt period at the beginning of the orthodontic treatment, with skeletal pattern of Class II evidenced by ANB angle>5 o and Wits>0 mm, overbite in average between 5 -5.5 mm (80% -90%) and overjet between 3-3,5 mm. The skeletal maturity stage of all individuals was analyzed by hand and wrist radiographs. The dental relationship was Class II, according to Angle classification. The individuals also exhibited in average SN.GoGn angled 33 o . In Group 1 the mean age for female patients at T 0 was 11.8 (±0.61) years; at T 1 it was 13.10 (±1.43) years. For male patients at T 0 was 12.9 (±0.62) years; at T 1 it was 14.11 (±1.42) years. In Group 2 the mean age for female patients at T 0 it was 12.2 (±0.54) years; at T 1 it was 14.4 (1.22) years. For male patients at T 0 it was 12.9 (±0.56) years; at T 1 it was 14.11 (±1.35) years.
The cephalograms were obtained by delimitating skeletal, dental and tegumentary structures. The measurements from cephalometric tracings regarding T 0 and T 1 were tabulated for statistical analysis, with angular measurements rounded up whenever decimal fraction existed.
Eight linear and six angular measurements were obtained in the cephalometric tracing regarding T 0 and T 1 (Figures 1  and 2 ). To measure skeletal linear modifications a perpendicular line was traced from SN plane (skull base), passing by S point, and called S' line. A parallel line to SN plane was traced between S' and ENA point (S'-ENA) to describe the anterior maxillary displacement and between S' and Pog point (S'-Pog) to measure the horizontal mandibular displacement. The lengths of palatal plane linear and of mandibular plane in T 0 and T 1 were measured to examine The incisor anteroposterior modifications were observated from linear measurements (1-NA, 1-NB and overjet) ( Figure 1 ) and angular measurements (1.NA and 1.NB) (Figure 2 ). Vertical changes also were evaluated from linear measurements (Figures 1, 3 and 4) .
In the molar tracings, vertical linear measurements were made to quantify the extrusion or intrusion on maxillary and mandibular partial superimpositions at T 0 and T 1 ( Figures  3 and 4) . A line was traced on the long axis of these teeth, at a 90 º to another line tangent to the incisal border and molar oclusal border. The intersection between these lines was used as a reference point. The difference in vertical direction between initial (black tracing) and final (red tracing) positions of teeth on their tracings (Figures 3 and 4) was measured.
Total superimpositions of initial and final tracing from SN plane (sella-nasion) with register for S were made to analyze the growth direction, the orthodontic treatment and dental movements.
Means and standard deviations were calculated for each cephalometric measurement at T 0 and T 1. The statistical treatment of the data between T 0 versus T 1 was analyzed by using the paired Student's t test with 5% significance level. Unpaired t tests were used to evaluate the differences in therapeutic effects and the lengths of active treatment between both groups. The Pearson's r correlation coefficient was applied to determine whether any skeletal or dental characteristics and age were related to the appliance of active treatment.
Error of the methods
The error of the method was evaluated by 30 radiographs chosen at random, traced and digitized by the same investigator on two separate occasions at least two months apart. The Dahlberg 
Results
Both groups had comparable mean cephalometric values for linear measurements: S' -ENA, S'-Pog, Palatal Plane, 1-NA, 1-NB, overjet and overbite and angular measurements: SNPP, SNGoGn, SNA, SNB, 1-NA and 1-NB.
Comparison between Group 1 and Group 2 at T 0 is shown in Table 1 . Treatment effects on cephalometric values and differences between the two groups may be seen in Table 2 . Dental intrusion and extrusion (mm) at the end of treatment is shown in Table 3 . The correlation with type of appliance during orthodontic treatment in both groups is presented in Table 4 . SD= standard deviation ** =1% significance level * = 5% significance level NS= non-significant. Table 2 . Table 2 . Table 2 . Table 2 . Table 2 . Treatment effects on cephalometric values and differences between the two groups
In both groups was observed anterior mandibular displacement, reduction of deep overbite and overjet, reduction of mandibular plane with anti-clockwise rotation and labial projection of maxillary incisors. In Group 1, significant vertical displacement contributed to reduce the overbite.
Discussion
In this study the cephalometric evaluation demonstrated that in both groups there was skeletal Class II with mandibular retraction, deep overbite and favorable vector of facial growth ( Table 1) .
The group tracings were compared in relation to the
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Group 1 n=20
Group 2 n=20
SD= standard deviation NS= non-significant. Table 4 . Table 4 . Table 4 . Table 4 . Table 4 . Correlation with type of appliance during orthodontic treatment skull base (SN) and it was diagnosed that the Group 1 showed brachiocephalic pattern, lower mandibular plane (SN.GoGn) and both maxillary and mandibular arches were more advanced (S'-ENA e S'-Pog) than Group 2. In this group the mesocephalic pattern prevailed (SN.PP, SN.GoGn), with more mandibular retrognathism (S'-Pog, SNB and overjet) than Group 1. Overbite also was more pronounced, probably due to retroinclination of maxillary and mandibular incisors ( Table 1) . The main strategy of deep bite treatment for both groups consisted of combined extrusion of the posterior teeth, intrusion and vestibular inclination of the anterior teeth (maxillary and mandibular incisors). This is confirmed in the literature because the decision of extrusion or intrusion should be based on skeletal pattern, vertical pattern, facial esthetic, growth spurt, occlusal plane, severity of final malocclusion, occlusion stability or the combination of these factors 1,4-7,10, [13] [14] [15] [16] [17] [18] [19] . At first in Group 1 segmented arches (Rickets' technique) 0.018´x 0.025´ were used for intrusion and projection of maxillary and mandibular incisors, enabling the decrease of deep overbite, with anterior brackets glued in the most possible incisal level. In Group 2 continuous arches of nickel and titanium 0.014´ e 0.016´ with pronounced Spee curve in the maxillary arch and reverse curve in the mandibular arch were utilized for little molar intrusion, labial projection and incisor intrusion in deep overbite correction. Since they are flexible, their sockets are complete in all teeth from the beginning of the treatment, as observed by Burstone 7 and Chen et al.
10
. After this, in Groups 1 and 2 continuous arches of leveling were sequentially used to maintain Spee curve alterations and obtain the best possible mandibular displacement in downward and forward directions during growth spurt. This approach is corroborated by Martinelli et al. 19 , who reported that the favorable mandibular displacement enables achieving the best harmonious profile, and by Woods 18 who affirmed that the extrusive movement of only 1 mm of maxillary and mandibular molars reduces effectively the overbite between 1.5 to 2.5 mm.
In Group 1, based on total cephalometric superimposition, skeletal pattern and facial profile maintained the same proportions with maxillary and mandibular residual growth vector to the down and forward directions, associated with the orthodontic mechanics of extrusion to maxillary and mandibular molars during deep bite correction (Tables 1-3 ), ( Figure 5 ).
The reduction of SNA angle with retraction of A point probably resulted from maxillary incisors projection. In spite of residual growth with anterior displacement and anticlockwise rotation of the mandible, there was little reduction of SNB angle, probably due the forward nasion displacement (Table 2) decreased demonstrating late growth of the mandible, in spite of the labial inclination of maxillary incisors and the uprighting of mandibular incisors (Tables 2 and 3) .
The correction of overbite may be supported because the molar extrusions and the mandibular displacement forward and downward occurred harmoniously, although the mean value of SN.GoGn reduction was 0.5 degree (Tables 2 and  3 ). The anti-clockwise rotation during puberal growth spurt, representative of brachiocephalic pattern, was not observed probably due the molar extrusions, corroborating with the studies of some authors [13] [14] [15] [16] [17] [18] [19] . The total cephalometric superimposition between T 0 and T 1 of Group 2 showed forward displacement and anticlockwise rotation of the mandible, together with profile improvement. This was confirmed by increased SNB angle and linear measurements S'-Pog and Go-Gn, as well as decreased SN.GoGn angle and overjet. The reduction of SNA angle probably happened due to A point backward displacement with labial inclination of maxillary incisors (Table 2 and Fiure 6).
The deep overbite correction occurred basically with labial projection and intrusion of maxillary and mandibular incisors. The intrusion of maxillary molars was necessary to correct the reverse Spee curve. Nevertheless, in the mandibular arch molar intrusion was observed to decrease the Spee curve, contributing for an average 0.4 º decrease of SN.GoGn and anti-clockwise rotation of the mandible (Tables  2 and 3 ) (Figure 6 ). These data were corroborated by Baccetti et al. 15 and Martinelli et al. 19 , who reported that the overbite correction resulted of the intrusion of maxillary incisors as well as mandibular incisors accompanied by mandibular growth.
Similar results were found by Quintao et al. 17 and Woods 18 who investigated the dental movement during deep overbite correction of 87 subjects with Class II division 1 malocclusion and they concluded that the correction basically occurred by intrusion and labial projection of mandibular incisors.
There were no outcome differences between the two groups during the treatment of Class II deep overbite malocclusion in relation to the orthodontic technique applied (Table 4) . Similar results were found by Ghafari et al. 2 , who compared intrusive mechanics by segmented arches with the treatment using continuous arches of nickel and titanium and observed real intrusion of maxillary and mandibular incisors.
Woods 18 evaluated initial and final cephalograms of patients Class II division 1 and division 2 at the end of mixed dentition to determine if skeletal and dentoalveolar alterations with deep overbite were influenced by direction of mandibular growth during the treatment. He concluded that in patients with brachiocephalic and mesiocephalic patterns the point B moved significantly more forward than in dolicocephalic patients. Similar outcomes also were found in this study.
In conclusion, deep overbite correction in Group 1 was supported especially by incisors intrusion and molars
Comparison of two types of biomecanics for deep overbite correction extrusion, associated with mandibular displacement, due to growth spurt with anti-clockwise rotation. In Group 2 the incisors' intrusion and labial projection of maxillary incisors provided the deep overbite correction. Meanwhile the molars intrusion to correct Spee curve promoted mandibular forward displacement with anti-clockwise rotation. In both groups the treatment showed reduction of facial convexity and improvement in profile.
